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Hi Ruby

Thanks for your emails. The following responses are provided for your consideration (see column added at right). lf you
haven't already, please also consider sharing our November 2,20L6, memorandum: "EPA Region 7 Action Levels for
Trichloroethylene in Air" (attached).

As an insufficient heads up ... l'm here until 3:15 today if you have questions or concerns. However, l'm out all next
week, returning LLl28/ 76.

Enjoy your holiday, Jesse

Section 5.1, page 6-1 (Receptors and Exposure
Pathways): The section states, "Based on current
grou ndwater concentrations, surface cond itions
(predominantly paved and open-air), and the
general absence of any structures (with the
exception of the Control Tower), exposure via
vapor intrusion or inhalation of CVOCs from
groundwater at SWMU No. 207 is incomplete." The
following issues are noted:

a. Although the ControlTower is not a residential
building, the EPA has broad authority and
distinct responsibilities to assess and, if
warranted, mitigate vapor intrusion in non-
residential settings arising from a chemical
release that causes subsurface contamination
by hazardous, vapor-forming chemicals (EPA,
2015a). The ControlTower is an occupied
building and should not be excluded from vapor
intrusion assessment.

D The current Control Tower is in the process of being
decommissioned. A new Tower, currently in the
design phase, is being built which will incorporate an
engineered vapor barrier in the foundation.
Estimated completion date for the new tower is
March 2019. For the current configuration of the
controltower, allworkers are located on the second
floor of the building, limiting their exposure to the
vapor intrusion pathway.
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b. Although no shallow groundwater or soil gas
sample has been collected near the Control
Tower and no building configuration is
available, current TCE concentrations in
groundwater may pose a vapor intrusion
concern to the ControlTower. Using the Vapor
lntrusion Screening Level calculator (EPA,

2015b), an indoor air concentration ol7 .43
micrograms per cubic meter is estimated based
on a groundwater concentration of 26 pg/L
(MW-179), a groundwatertemperature of 18'C,
and a commercialexposure scenario. The EPA
Region 7 worker action level, based on
potential fetal cardiac defects, is 6 pg/m3 for an

acute exposure of 8 hours.

lf the "Exposure Scenario" in the VISL Calculator is
changed to commercial and the generic attenuation
factor for source medium of vapors for groundwater
is changed to 0.0005 (from EPA's Vapor lntrusion
Guidance, June 2015, for soils where groundwater is
below fine-grained vadose zone soils, when laterally
extensive layers are present) under Commercial in
number 2 of the Notes, the 26 ug/L value has a
carcinogenic risk of 1.2x10-6 and a hazard index of
0.42, both of which are within acceptable ranges.
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D Response to comments #25 and#26 address the
current Control Tower. The authors would agree that
the contaminant plume associated with the former
Boeing North Hangar warrant an assessment of the
vapor intrusion pathway. However, based on the
analysis described in Section 5.3 and 5.4 of the
RFl, this plume is related to former activities on that
property and do not initiate from S\A/lVlU 2O7.
Therefore the North Hangar will not be included in
the SWMU 207 Baseline Risk Assessment.

c. Although the ControlTower appears to be the
only occupied building within the SWMU 207
boundary, occupied buildings are present
downgradient of SWMU 207 and are underlain
by chlorinated volatile organic compound
plumes of sufficient concentration to pose vapor
intrusion concern.

Therefore, additional assessment of the vapor
intrusion pathway, using multiple lines of

is warranted at this site.evidence,

c

n
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Appendix D (Slug Test Analysisl: The plots of
normalized head data versus time for wells MW-
49D, MW-50D, MW-178 and MW-180 are concave
upward, a curvature that can make analysis by
straight-line methods such as Bouwer and Rice
(1976) ambiguous. Butler (1998) recommends
matching Bouwer and Rice (1976) solutions to data
within a normalized head range of 0.20 to 0.30 to
minimize ambiguity associated with data curvature,
and improve reliability of the data analysis. The
employed slug test analysis softruare, AQTESOLV,
is capable of superimposing recommended
normalized head ranges on data plots to enhance
visual curve matching. lt is recommended that
normalized head range be used or GSI should
select an alternative analytical model appropriate
for the formation and well installation.

The slug test an-,ysis was performed using the
Butler (1998) consideration of normalized head as
described by the reviewer. The straight-line visual
matching was performed over the normalized head
range of 0.2 to 0.3, as is shown on the graphs
included in Appendix D. However, as suggested by
the reviewer, the normalized head ranges used for
curve matching will be superimposed on the graphs
in order to aid in review of the analysis.

D

From: Crysler, Ruby

Sent: Friday, November t8,2OL6 8:57 AM
To: Kidwell, Jessica L <Kidwell.Jessica L@epa.gov>
Subiect: RE: McConnellAFB PBR: RTC: SS544 (SWMU 207) Draft RFI Report

Jesse,

Thanks for looking at the responses. Are you ok with their discussion about Vl assessment at the air control tower?

Section 6.1, page 6-1 (Receptors and Exposure Pathways): The section states, "Based
on current groundwater concentrations, surface conditions (predominantly paved and
open-air), and the general absence of any structures (with the exception of the Control
Tower), exposure via vapor intrusion or inhalation of CVOCs from groundwater at S\ffMU
No. 207 is incomplete." The following issues are noted:

a. Although the ControlTower is not a residential building, the EPA has broad authority
and distinct responsibilities to assess and, if warranted, mitigate vapor intrusion in non-
residential settings arising from a chemical release that causes subsurface
contamination by hazardous, vapor-forming chemicals (EPA, 2015a). The Control
Tower is an occupied building and should not be excluded from vapor intrusion
assessment.

D

Db. Although no shallow groundwater or soil gas sample has been collected near the
ControlTower and no building configuration is available, current TCE concentrations in
groundwater may pose a vapor intrusion concern to the ControlTower. Using the Vapor
lntrusion Screening Level calculator (EPA, 2015b), an indoor air concentration of 7.43
micrograms per cubic meter is estimated based on a groundwater concentration of 26
pg/L (MW-179), a groundwatertemperature of 18oC, and a commercialexposure
scenario. The EPA Region 7 worker action level, based on potentialfetal cardiac
defects, is 6 pg/m3 for an acute exposure of 8 hours.
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Although the ControlTower appears to be the only occupied building within the SWMU

207 boundary, occupied buildings are present downgradient of SWMU 207 and are

underlain by chlorinated volatile organic compound plumes of sufficient concentration to
pose vapor intrusion concern.

Therefore, additional assessment of the vapor intrusion pathway, using multiple lines of
evidence, is warranted at this site.
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Ruby Crysler
Environmental Scientist
EPA Region 7, AWMD/WRAP
t1,20L Renner Blvd

Lenexa, KS 66219
Phone: 913-551-74G)

From: Kidwell, JessicaL

Sent: Tuesday, October Ll,2OLG 12:00 PM

To: Crysler, Ruby <Crvsler. Rubv@epa.eov>

subject: RE: McConnellAFB PBR: RTC:SS544 (SWMU 2OTlDraft RFI Report

Hi Ruby:

Thanks for sharing these with me. ln general, the responses are acceptable; however, the following items may warrant a

little clarification.

Items 5 and 10 - E. Section 2.3 will be revised to note the change in monitoring wells sampled. Less clear is

whether Section 2.3 will be revised to discuss the basis for the replacement well locations or the historical

groundwater analyses for hexavalent chromium at SWMU 207. These aspects of the response should be

included in the report.

a

a Item 26 - D.

o Modification of the generic attenuation factor is appropriate, so long as the justification points to

specific evidence of laterally-extensive, fine-grained soils beneath the building basement or foundation'

o Using the modified groundwater-to-indoor air attenuation factor (0.005) and a site-specific groundwater

temperature (18"C), the calculated indoor air TCE concentration is 3.71 Vglm3. This calculated indoor air

TCE concentration is below the EPA Region 7 worker action level of 6 Ug/m3 based on an 8-hour

exposure period. (Note that the facility continues to evaluate TCE vapor intrusion based on the target

cancer risk and hazard quotient. EDAB hopes to share an R7 technical memorandum on the acute risks

of TCE in air this week; action levels are specified within.)
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curvature, and improve reliability of the data analysis. The employed slug test analysis

software, AQTESOLV, is capable of superimposing recommended normalized head

ranges on data plots to enhance visual curve matching. lt is recommended that normalized

head range be used or GSI should select an alternative analytical model appropriate for
the formation and well installation.
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a Items 14 and 27 - D, Please note these responses, which attribute responsibility to Boeing.

Let me know if you have questions.

Thanks again, Jess

From: Crysler, Ruby

Sent: Wednesday, October 05, 2015 2:05 PM

To: Kidwell, JessicaL <Kidwell.Jessica L@epa.gov>
Subject: FW: McConnellAFB PBR: RTC: SS544 (SWMU 207) Draft RFI Report

Jesse,

McConnell response to EPA comments on the Draft SWMU 2O7 RFI report are attached. Please review them when you

have time and let me know if their responses are satisfactory.

Thank you.

Ruby Crysler
Environmental Scientist
EPA Region 7, AWMD/WRAP
LL2O1. Renner Blvd
Lenexa, KS 56219
Phone: 913-551-74G,

From: Wight, Brian [mailto:brian.wiqht@aecom.com]
Sent: Wednesday, October 05, 2016 1:46 PM

To: Crysler, Ruby <Crvsler.Rubv@eoa.sov>

Cc: Jacqueline Grunau (igrunau(akdheks.eov) <jgru_ng_U@kdhgl€.qov>; Mark D. Wichman
(mark.d.wichman@usace.armv.mil) <mark.d.wichman@usace.armv.mil>; Sansom, Andrea NWO
<Andrea.Sansom@usace.armv.mil>; KNIGHI COLE D GS-11 USAF AMC 22 CES/CEAN (cole.knieht(aus.af.mil)
<cole.knieht@us.af.mil>; BLAIR, SHELDON M CTR USAF AMC 22CESICEIE <sheldon.blair.ctr@us.af.mil>; Krause, Michael
<michael.krause@aecom.com>; Mike L. Schofield (mlschofield@ssi-net.com) <mlschofield@esi-net.com>; Bergantzel,

Vanessa <Vanessa.Bergantzel@aecom.com>; Julie Spencer <jasoencer@qsi-ne >

Subject: McConnellAFB PBR: RTC: SS5zt4 (SWMU 207) Draft RFI Report

Ruby,

URS/GSI responses to EPA's comments on the SS5rt4 (SWMU 207) Draft RFI report are attached for your review and

approval. lf possible, please provide your approval on or before 14 October 2016. lf this is not possible, please let us

know when your approval may be received.

Thanks

Brian Wight, PE
DepartmenUSenior Project Manager, Environment, Central Midwest
D +1402-952-2557
M +1-402-639-6079
brian.wig ht@aecom. com
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 7

11201Renner Boulevard
Lenexa, Kansas 66219

Nov 0 2 2016

9,
MEI\IORANDUTII

SUBJECT: EPA Rcgion 7 Action 'l'richlorocthylcrtc in Air.Lcvcls

It.,

TO

FROM: Mikc Boingcr. Chicf
Drrvironrncntal Dala & Assc.ssrncnt Branch
[]nvironrttcntal Scicnccs &'l'cchrxrlogy Division

Branch Chicfs
Wastc Enfbrccnrcnt and Matcrials Management Branclr

and Wastc Rcmcdiation & Pennitting Brarrch
Air nntl Wastc Managcnrcnt Division

Branch Chiclls
Supcrt'und Division

The purpose ol'this mcrnorandum is to update thc U.S. Environmcntal Protcction Agcncy Rcgion 7

RCRA and Superfund programs on thc recommended action levels for trichlorocthylenc (TCE) in air.
antl providc intbrnration on charerctcrizingand addrcssing lrurnan hcalth risks tiorn lcss-tlran-lil'ctiurc
exposurcs. Thc action lcvcl lirr a residcntial sccnario is 2 pglrn1, and tlrc action lcvcl lirr an
industrial/conrmcrcial sccnario rvith an 8-hr rvorkday is 6 pglm3. Equations to allou,dcrivatiorr ot'action
levels for alternative scenarios. such as a l0-hr workday, are presented. As described in this attachrncnt.
it is assumcd that an cxposurc to TCE at any tinrc during an approximate three-rveek period in carlv
pregnancy could result in onc or rn()rc types of carcliac malfonnations. Thus. thc critical e.\Jl()surc pr:riorl
of conccm used to evaluatc thc potcntiul firr hcart dcfbcts and derive action levcls lirr -l'Ctl 

is onc day.
An exceedance of the TCE action level indicates a potential imminent th.reat to human health. Rcgion 7
should expedite early or intcrirn action(s) to climinatc. reduce. and/or control the hazards posed by thc
site as quickly as possible. Il'you or your staff havc any questions or need turther assistancc. plcasc
contact Kclly Schurnachcr (x7963 ).

EPA Region 7 Action Levels for Trichloroethylene in Air.
lixDosurc Sccnario

Rcsidcntial ( 24 huurs/day) 2 uglm'
IndustriaUCommercial (8 hours/day)l 6 u,slm'

Actittrt l,cvcl

Site-specific action levels should be derived rvhen the workday differs from 8 hours/day

f)ilttt.t\l iitl l.'r'./t i.itt !' )11,1

Attachmcnt



EPA Regton 7 Actlon Levels for Trlchloroethylene in Air

Introductlon

In 201 l, the latest human health toxicity values for trichloroethylene were published by the Unitd
States Environmental Protection Agency's Integrated Risk Information System program (EPA,20l la).
As discussed in this document, these new values are partly based on developmental health effects that

result frrom less-than-lifetime exposur€s. In contrast, the toxicity values tlryically used to evaluate
potential hcalth risks and derive action lwels at Supcrfirnd and RCRA sites are based on health effects

associated with long-tenn, or chronic exposur€s. Further, the equations and exposure parameters used

tpically reflect all or a significant portion of a person's lifetime. Once the cunent TCE values were

released, the protec'tiveness of using faditional approaches to assess and address TCE exposures was

questioned. Ttre purpose of this mernorandum is to update the EPA Region 7 RCRA and Superfund
progams on the reoommended action levels for TCE in air and pmvide information on characterizing

and addressing human health risks from less-than-lifetime exposures. To support these objectives, the
window of susceptibility for the developmental toxicity associated with TCE is examined, the critical
er(posurc period of concern is identified, and the appropriate exposure parameters and equations are

elucidated.

Toxicity Assessment

The EPA's final toxicological rwiew by the IRIS program incorporates comments by the U.S. National
Academy of Sciences (National Research Council, 2006), two U.S. EPA Science Advisory Boards
(EPA 2AO2 and2Ol lb), the Executive Office of the President (Office of Management and Budget, 2009

and 2011), the U.S. De,partnent of Defense (DOD, 2009a,2009b and 201l), the National Aeronautics
and Space Administsation (NASA, 2009 and 201 l), internal Agency teviewers, and the public, among

others. The Halogenated Solvents Industry Alliance, lnc., which represents the interests of TCE
manufacturers urd producers, submitted a Request for Conection of the TCE IRIS assessment (HSIA,
2013), which was denied by the EPA's Acting Assistant AdminisEator (EPA 2015). The HSIA then

submitted a Request for Reconsideration (HSIA, 2015), which was also denied by the EPA (EPA,

21l6a), The EPA found the Requests "directly contrary to the SAB's conclusions and recommendations,
such that to accept HSIA's RFC/RFR would require EPA to reject SAB's advice" (EPA, 20l6a).

The EPA's Office of Land and Emergency Management recognizes an IRIS assessm€nt as thc official
Age,ncy scientific position regnrding the toxicity of a chemical based on the data available at the time of
the review (EPA, 2003). As such, IRIS is generally the prefored sounce of human health toxicity values

used to evaluate risks at Superfund and RCRA hazardous waste sites. In accordance with Directive
9285.7-53 (EPA, 2003), the 201I IRIS TCE toxicity values will be used to evaluate risks and derive
action levels by the Region 7 RCRA and Superfund programs until the 201 I values are either rwised or
rescindod.

Non-Carcinogenic Health Efecls

In general, ttre EPA assumes that a dose or exposure level cxists below whish adverse non-carcinogenic
health effets will not occur (EPA, l9E9). Below this threshold, it is believed that exposure to a
chemical is tolerated without adverse effects. Adverse health effects occur only when physiologic
protective mcchanisms are overoome by cxposure to doses or concentrations above the threshold. For
chronic toxicity values, the first adverse effect (or its known precursor) that occurs to the most sensitive
species as the dose rate ofan agent increases, regardless ofthe exposure duration, is designated the

2



critical endpoint. The dose or exposurc at which the critical endpoint is obser,red is the point of
departure. Uncertainty factors, ranging from I to 3,000 reflecting limitations of the data used are
applied to the point of departure to derive the inhalation reference concentration. The RfC is an estimate
(with uncertainty spanning perhaps an order ofmagnitude) of a continuous inhalation o(posure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime (EPA, 1989).

The 201I Scientific Advisory Board panel recommcnded that "The two endpoints for immune effects
from Keil et al. (2A09) and the cardiac malformations from Johnson et al. (2003) should be considered
the principal studies supporting the RE' (EPA,201 lb). The panel considered the immune effects and
cardiac malformations co-critical endpoints (EPA, 201lb). In accordance with the SAB panel
recommendations, the IRIS prognrn based the TCE chronic reference concentration of 2 pgmi on these
two co-critical endpoins, each of which can support the RE independently autoimmune disease
following chrcnic exposurc in aduls (0.00033 ppm, or 1.8 pglm3) and heart defects following exposur€
during early pregnancy (0.00037 ppm, or2.0 p/m3).The RfC is also supported by nephrotoxicity
ftidney effects) following chronic exposure in adults (0.00056 ppm, or 3.0 pdms). Following
publication of these values, the developmental cardiac effects we,re further addressed by the IRIS
program in "TCE Developmental CardiacToxicity Assessment Update" (EPA 2014a\ and by scientists
in the EPA's Office of Research and Development in the peer-reviewed literature (Makris et a1,,2016),

Chronic exposure to TCE poses a potential human health hazadto the cenral newous system, kidneys,
liver, immune system, and male reproduc'tive system. As mentioned above, immunotoxicity in adults is
oonsidered a co-critical endpoint, at a slightly lower concentration than that associated with cardiac
defects. Overall, the IRIS program concluded that "the human and animal studies ofTCE and immune-
related effects provide strong evidence for a role ofTCE in autoimmune disease and in a specific tlpe of
generalized hlpersensitivity syndrome" (EPA, 201 la). Kidney toxicity was considered a supporting
endpoint, with high confidence found in multiple lines of evideirce in both human and animal studies.

Short-term exposures to TCE during pregnancy are associated with many forms of developmental
toxicity, including spontaneous abortions, decreased growth, developmental neurotoxicity,
developmental immunotoxicity, and birth defects. However, the critical developmental endpoint is
cardiac malformations. The primary tlpes of heart defects observed with TCE exposures include auial
and ventricular septal defects, which are holes in the wall (septa) between the top two chambers (atria)
or bottom two chambers (ventricles) of the heart, and pulmonary and aortis valve stenoses, which arc
thickened or fused heart valves that do not properly open and/or close and may leak blood. The critical
window of susceptibility for these tlpes of defects is an approximate three week period (i.e.,
valwloseptal morphogenesis, or the period in which rnajor cardiac morphogenic events such as heart
valve formation occur) approximately four to seven weeks after oonception, early in the first trimester of
human pr€gnancy (Dhanantrvari et a1.,2009). The t1rye and swerityof the resulting cardiac
malformation or malformations depends on the timing and level of exposure to TCE within this
approximate three week period. Exposures that clear the body before this period do not impact the heart
valves and septq because they have not yet begun to fonn. In humans, TCE and most of its metabolites
are eliminated within a week of exposurc (EPA,20l la).

Carcinogenic Elfects

The EPA evaluates carcinogenicity in two parts (EPA, 2005a). First, ttre Agcncy evaluates all available
scientific information and assigns a weight-of-evidenc€ classification based on a compound's potential
to sause canoer in humans. In the absence of sufficient data regarding the mode of action or if the

3



weight-of-widence supports a mutagenic mode of action, the EPA generally asstrnes that any expo$r€
to a chemical will increase an individual's risk of developing cancer. Under this default approach, there

is no threshold below which the probability of developing canocr is zero. Secon4 a toxicity vdue is
derived to define the quantitative relationship between dose or concentration and cersinogenic response.

For inhalation exposures using the default approach, this value is known as the inhalation unit risk. The

IUR is a generally ptausible upper-bound estimate of the incrpased probability of developing canccr
following a lifetime of exposure. Ttris value is used to estimate ttre increased risk of developing cancor
frs6 inhalation of potentially carcinogenic chernicals.

Following the EPA's Guidelines for Carcinogen Risk Assessment (EPA, 2005a), the IRIS program has

evaluated the carcinogenic potential of TCE and has classified it as "carcinogenic to humans" by all
routes of exposure. This conclusion is based on convincing evidence of a causal association between
TCE exposure in humans and kidney canoer, strong widence of non-Hodgkin's lyrrphoma, and more
Iimited evidenoe of liver and biliary tract cancer. The inhalation unit risk for TCE, based on these

combined cancer ty?es, is 4.lE-06 (pglm3)''. Sufficient evidence supports a mutagenic mode of action
for TCE-induced kidney tumorc in humans, but modes of actions have not been establislred for the other
TCE-induced cancer Epes. The portion of thc TCE ruR specific for kidney ttrurors is 1.0E-06 (Fgl-3)-t,
while the IUR for non-Hodgkin's lymphoma plus liver and biliary tract sancers is 3.lE-06 (pdrn3) t.

RIsk Characterizetion

The EPA's RCRA and Superfirnd programs characterize potential hurran health risks using standardized

equations that combine toxicityvalues with exposure parameters because risk is a function of both
hazard and exposure. Tpically, the EPA's standard default exposure parameters for chronic scenarios,
published in OSWERDirective 9200.1-120 (EPA, 2014b), are used. However, srposure assessments

must take into accorurt the time scale related to the specific biological response (NRC, l99l). This
means that exposure parameters selected to evaluale risks and/or develop levels of concern for a given

chemical and scenario should correspond as closely as possible with ttre exposure period usd to develop

the toxicity value. For examplg time-weighted averag€ exposutes over a lifetime have little rtlevance
for a developmental toxin if the adverse effects could only occur following erryosure during a particular
stage of development (EPA, 1992).

Non-Cancer Hazard Quotients for Cardiac Defects

The toxicity values considered protective for a lifetime of exposure to TCE are partly basd on non-

cancer health effects resulting from less-than-lifetime exposunes. As previously stated, one of the two
co-critical endpoints that senres as the basis for the TCE Rrc is cardiac deftcts. This effect can only
occur when the fetus is ocposed during the period of heart developme,lrt. Therefore, the EPA's standard

default exgrsure paramcters for chronic exposures are invalid for estimating hazard quotients

reprrsenting the potential for cardiac defects associated with TCE exposur€s and for deriving TCE levels
of concern that are protective of developmental endpoints. To select appropriate less-than-lifetime
exposure parameters that may be used to characterize these hazards and derive levels of concern, the
critical exposure period of concem for TCE-related heart malforrrations must first be identified.

"[F]or developmental toxic effects, a primary assumption is that a single er(posure at a critical time in
development may produce an adverse developmental effect, i.e., rcpeated exposurE is not a necessary
prerequisite for developmental toxicity to be manifested" (EPA, 1991). The EPA's Risk Assessment

Guidance for Superfirnd Part A (EPA, 1989) directs the use of a day or a singlg exlrcsure incident to
assess the potential risks of adverse developmental effects. Following this guidance, it is assumed that a
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single q(posure to TCE at any time during the approximate thrree week period of valrnrloseptal
morphogenesis could result in one or more of the tlpes of heart malformations described previously.
Thus, the critical exposure period of concern used to evaluate the potential for cardiac defects is one
day. A 24-hour exposure period has been used by the EPA to evaluate acute hazards associated with
TCE in the final, pcer-reviewed TSCA \Vork Plan Chemical Risk Assessment (EPA 2014c).

The EPA's Risk Assessment Guidancc for Superfund Part F, Supplerrental Guidanoe for Inhalation Risk
Assessment (EPA, 2009) specifies that the exposure concenEation (EC) that should be used to evaluate
risks and derive lerrels of concern for acute endpoints is equivalent to the concentration detected in air
(CA), as shown in Equation l.

,re;= rn(#) (r)

For a residential scenario, in which exposure to TCE inside a home is assumed to occur throughout the
entirc exposure period of concern, Equation I is appropriate. However, for other t1ryes of scenarios (e.g.,
industrial, commcncial, recrcational), exposures to TCE only occur for a portion of any gven 2#hotr
period. Mor@vern exposures to different concentrations of TCE may occur wittrin a single day at some
sites. To account for these multiple exposrues, Equation I can be modified, resulting in a time-weighted
average exposure concentration. The 24-hour TWA €xposure concentration can be calculated using
Equation 2.

EC2a = ELr(CIr .ET)l ATz4

fCzl (pgml) = time-weighted average exposure concenhation over 24 hours;
CAi (pglm3) = TCE concenhation in air in microenvirounent (ME) i;
ETi (hours) = exposune time spent in ME i;
ATzl (hours) = averaging time for the exposure period of ooncern (24 hours)

(2)

where:

ln a reside,ntial scenario, there is a single microenvironmenf the residence, with an exposure time of 24
hours. Thus, the Residential ECze will equal CArcs, as shown in Equation 3. To reduce uncertainty in
residential scenarios, CA'"r should be based on air samples collec{ed for an entire 24-hour cxposure
period. Generally, stationary 24-hour indoor air sample results are used.

(3)

In a tlpical indushial or commercial scenario, there are two microenvironrnents. One is the workplacg
and the other is away firom the workplace. The IndustriaUCommercial ECzl can be calculated using
Equation 4 below. Although ttre standard value fur ET*n* is an 8-hour workday, this variable should
reflect sit+specific conditions. For example, employces at a given site may work longer shifts, such as

l0 or l2 hours, and they may or may not take their lunch breaks on site. CAwork should be based on air
samples collected for the entire exposure time, ET*oar, during the portion of the day that workers are
present. This is to prevqrt potential underestimates of TCE concentsations if diurual variations occur at a

site, although such variability does not exist at all sites. Generally, stationary 8-hour or lGhour indoor
air samples are appropriate. ET66yshould equal the.remainder of the 24-hour pcnod spent away from
the workplace. CAo*"yis generally assumed to equal zero, unless site-specific data suggest othenrrise.

I ndus tr ial I C ommercial E C 2n =
(c Awo rl, ET w o*) + (C A av ay. 8.To'9i ay)

34 hrs

Resid.enttal EC"o =
(CArcs.24 hrs)

24hrs = CAres

5
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If multiple or variable microenvironrnents are present at a site, it is possible to use Equation 2 to

generati a 24-hour TWA exposure concentration. However, consideration should be given to the use of
fortable sampling equipment to more accurately measure true exposure cucentrations to the rcceptor(s)

of concern over the entire exposure time, as opposed to stationary sampling equipment positioned in
multiple areas where exPosurc occurs.

Non-caner hazard quotients for heart defects can be derived using Equation 5, wherc HQza is the

developmental hazard quotient; ECzr is the 24-hr time-weighted average exPosure concentration
calculated using Equatibns 2,3,or 4; and the RfC is 2 pglm3..As shown in Equation 5, a hazard quotient

is the ratio of the exposurc to the non-cancer toxicity value. Thus, an HQ grealer than I means lhat the

exposurc is greater than the RfC and exceeds a level of concern for that particular non-can@r health

effect.

HQz* =
ECz+

Rfc
(s)

Equation 5 can be combined wilh Equation 3 or 4 to calctlate the developmental hazard quotients
(HQzr) for a residential or induslrial/commercial receptor, as follows.

Residentiat HQz* = W'n3

H e cnr ont c- 
ca (#)'s"(FJ' (#}ar(P}:-D (v**l

AT 11 s,s t 7 snls(days). n/Cffi

Residential H ecn ontc - 
cn'*(fs)'n*"Iv,,EJ'(;g'if#+EF*'.(l#),E-D:httd'""'i 

(9)
AT a c.c hr on t c,c tr na(J, ay s), U C (ffi)

htdtstrtat/Commercial HQ"pon" = (rO)
ATnspttontc,w6l2goys).af c(ffi)

(6)

(7)lndustr ial I C ommer cial H Q"n = 24 hrs,z

Non-Cancer Hazard Quotients for Chronic Health Effects

Autoimmune disease, a co-critical endpoint upon which the TCE RfC is based, and kidney toxicity, the

supporting endpoint, are both health effects associated with chronic or long-tenn exposures. Equation 8
is the standardized equation used to evaluate non-canoer hazand quotients for chronic health effects; the
exposure parameters are defined in Table l. If seasonal or temporal fluctuations in TCE concentrations
potentially exisl, consideration should be given as to whether sufficient data are available to generale an

average conaentration for use as the CA term. If the dataset is limited, it may be more health-protective
to use the highest concentration detected.

(8)

The above equation can be presented in terms of residential or industrial/commercial exposurc scenarios,
as shown below. Note that it is only appropriate to calctlate non-qrnoet hazard quotients for chronic
health effects for those receptors with long+erm exposures.
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Cancer Rislcs

TCE is classified "carcinogenic to humans," based on kidney cancer, non-Hodgkin's lymphoma, and
liver and biliary tmct cancer. Equation 11 is the standardized equation used to evaluate exoess individual
lifetime cancer risks; the er(posurc parameters are defined in Table 1. If temporal fluctuations in TCE
concentrations potentially exist, consideration should be given as to whether suflicient data are available
to generate an average conc€ntration for use as the CA term.If the dataset is limited, it may be more
health-protective to use the highest concentration detected.

CR=
ca(#).nff.).(#u).sr(W).eoty,",'ttuaffi)-'

(1 1)
Arcancer(d,@ys)

The above equation can be presented in terms of residential or industrial/commercial.exposure scenarios,
as shown below. Bccause a mutagenic mode of action has been established for kidney tumors associated
with TCE, it is necessary to apply agedependent adjustment factors when deriving risks for this cancer
type in children (EPA, 2005b). AnAFs are not applied when deriving risks for non-Hodg&in's
lymphoma or liver and bitiary tract cances associated with TCE exposrues because they have not been
determined to operate via a mutagenic mode of action. Because only adults are evaluated in an
industrial/commercial exposure scenario and no adjustments for mutagenicity are made for adults (i.e.,
ADAFs6ux = 1), ADAI?S are not included in Equation 13.

Indtstrialf Commerclal CR =
ca*o,t(#)-sr,ol(*)-(#).er*"lG4gE5iig).eo*o,*rc,ears>.rua(#)-t

Resid,enttatcR=( .l(noo_rtyrors).nr'*a(.rJ-,.

ADAFo-z) + (eor-r"Qrears)'IItRpla(9-' 'ADAF'-16)* (rar.- 25gtears)'IttLpiae;" '

ADAFaddt)+ (ro*,9 ears).tttuys,l (4J-')J 02)

ATroorn(days)
(13)

The definitions, values, and references for the exposure parameters and toxicity values used in this
document are provided in Table 1. For the cluonic scenarios, the EPA's standard default exposure
parameters (EPA,2014b) are used to best represent reasonable maximum exposure senarios, which are

the highest exposures reasonably expected to occur at a site (EPA, 1989). These values are based on the
2011 Exposure Factors Handbook (EPA, ?fillc), Although the default exposure time for an indoor
worker is 8 hours/day, it is preferable to identify a site-specific worker exposure time.

Paramter . Ih8nldon UtrIt! Value ce

ADAFuz Ase-deoendent adiustment faclor - ases 0 to 2 vears 10 EPA" 2005b
,dDAFe-rr. .Asc-deDendcnt adiustment factor - aqes 2 to 16 vearc 3 EPA- 2m5b
AI)AF"a"r AsedeDendent adiustment factor - ases 16 vears and older EPA 2005b

ATre Averacinc. time - develoomental effects hourc 24
AT* Averasinp tine - carrcer davs 2s550 EPA.201.b

7



Trblc 1. Dxoooure ToddBValucs.
Pmrncter Dcfnldon Uilts Vdne Rdcrenec

ATlc.itmt,oiu
Averaging time - chronic non-cancer health cffeds'
resident child

days 2,190 EPA 2014b

ATrc.EbooE wdt
Averaging time - chronic non{tncef, health elfecs, indoor
worker

days 9,125 EPA,20t4b

CA Concenhation ofTCE in air uslm' Measured

cA- Concentration lnalr adm' Measred
CA*.t Conceotration of TCE in a r of the worknlacc udnt Mea$red

EDoz Exno$re duration- Bqqg I to 2 rrcars vears 2 EPA.2005b

EDz.rc Exoosurc duration - ases l to 15Years vealtrl t4 EPA.2005b

EDrr.re 16to26 vcart l0 EPA.2005b

EDa.na -rcsidmt 0 veara 6 EPA.20l4b

ED,- Exposrre duration - resident (child + adult, rges 0 to 26

rcan) ),ears 26 EPA,2014b

ED-.'* - iadoor worker vc8n3 25 EPA- 20r4b

EF,o - resident davs/w 350 EPA- 2014b

EFro* Exoosre frcqucocy- indoor worter davs/w 250 EPA.20l4b

ETs"6y
Exposrc timc - time spent away frrom work by an irdoor
urcrkcr (24 hrC&y minus ET"r) hrJday

16 orsito-
soecific

ET: Exoosrrc time - timc spent at home by a resident hrJdav 24 EPA.20t4b

ETrot Exposre time - time spent at work by an indoor norlter hrdday
8 orsite
soccific

EPA,2014b or
sitc.soecific

unit - robl (ue/m'l'r 4.1E45 EFA- 201 la
IURrre TCE c8nocr (ucy'ml)'l r.0E-ffi EPA.20l la

IURmr.
TCE inhalation unit risk- non-Hodgkin's lymphoma and

liver and biliarv tract cancerf
(uslmrl'' 3.rE-06 EPA,201la

RIC uslm' 2 EPA.20l la
THO I

TR Target canccr risk rE-04
Uppcr+nd of
Targel Cancer

Risk Rance

Action Levels

Level of Concernfor Developmental Effects

Equations 2 and 5 can be manipulated to solve for the level of concern for develorpmental health effects,

using a target non-cancer hazard quotient of l, as follows. Note that the only exposule Parameter that

can vary in this calculation is the expozure time. The TCE levels of concern for dwelopmental effects

based on standard exposure times are provided in Table 2. For a 24-hour re.sidential scenario, the

developmental LOC equals 2 pd^|. Fora typical 8-hotr industriaUoommercial scenario, the

developmental LOC equals 6 pg/m3. Site-specific developmental ISCs maybe derivd using slternate

exposur€ times; for example, a l0-hour exiosure time results in a developmental LOC of 4.8 pdm'.

TCE L}Cdeuetoprne tot (#tJ =
rHQ.Ar2a(hrs).Rlc(#)

--Lf
T C E Re sidentiol LO C aseslspr*"r" (ffi)

t24hrs.24
= 

-G'

(14)

8

24hrs
(15)



T C E IndustTiou C ommqctal L0 C 4sys16pv1rn o, ff)= Hfi#

TCEL,Cchronrff)=W

TCE Residenttal LoC6lrsnls(ggJ = ;

T C E t ndusttot I C ommerctal LO C 6h7sn1s(ffi) =

.eoa6-..)*

(16)

Level of Concernfor Chronic Nan-Cancer Health Elfects

Equation 8 can be manipulated to solve for the level of concern for chronig non-cancer health effects,
using a target non-cancer hazard quotient of I and the exposure parameters presented in Table l, as

follows. For a residential scenuio, this LOC equals 2.L pglms,which is the value listed as the non-
cancer residential air Regional Screening Level for TCE, based on an HQ of I (EPA, 2016b). For an
industrial/commercial scenario, the chronic LOC eguals 8.8 pglm3, which is the value listed as the non-
cancer worker air RSL for TCE, based on an HQ of l. Site-specific chronic LOCs may be derived using
alternate exposure times or other parameters.

(t7)

Levelof Concernfor Cancer Rislcs

Equations I I , 12, and I 3 can be manipulated to solve for the level of concern for can@r risks, using a
target exsess cancer risk (TR) of lE-04, which is the upper bound of the EPA's target csncer risk range,
and the exposure parameters presentod in Tablc l, as follows. For a residential scenario, this LOC equals
48 pglm3, and for an industriaUcommersial scenario, the cancer LOC equals 300 pglm3.

TCE Loccat"- (#) - rB'Arcancer(dovs) ,, ea)
-(EJ.(r.*4oJ.srffi).soctecrs).Iunffi

TCE Restdenttol L2lcancer(#J =

(18)

(le)

(2t\
EDs-2btearsl'runp6(ff) 'ADAPs-2 EDz-u(yecrs)'IURpaffi

(eo r6-a66r eor s)'runs6 (f$)-'' eo nrr"-r")+(ao'rrgcars;'runr*ffi -')

T C E ln&srTtau c omm. Lo Ccancer($ = sr*o'r(EdJ.L@J."t-*L@r").ro*or*@ears).rua(ffi )
(22)

As shown below in Table 2, the levels of concern for developmental health effects are lower than the
LOCs for chronic health effets and cancer, for both rcsidential and occupational scenarios, when based
on target hazard quotients of I or target canoer risks of lE-04. These are the levels of risk that, when
exceeded, warrant action under the National Contingency Plan. Basing the Region 7 TCE action levels

9



on the developmental I.oCS is protective for all polential formg of adverse health effecls aqsociated with
TCE. Thus, the action level foia residential scenario is 2 pg/m3, and the action level for a typical

industrial/commercial scenario with an 8-hrworkday is 6 pilm3.Asprcviously mentioned, the

devetopmental LOC, and thus the action level, is highly dependent on the exposure time. Therefore, for
non-residential exposure scenarios, careful cpnsideration should be given to the value selected as the

exposure lime.

Table2. TR= lFr04.

Developmental Non-Cancer LN : 2
ChronicNon-Cancer LN: 2.t

Cancer LOC 48

Redon 7 Resldentiel TCtsActlon Lcvel: 2
IndustrlaUCommerclal Workcrs (&hr Exposure Sctnarlo)

D*elopmental N on-Cancer LOC : 6
Chronic NonGancer LOC: E.E

Cancer LOC: 300

Roglon 7 Indusilr{aUCommercld I1CE Actlon
Levelr 6

Risk Managernent Considerations

If the TCE action level is exceeded, this indicates a potential imminent threat to human health, and early

or interim action(s) should be taken to eliminate, redu@, and/or control the hazards posed by the site

(EPA,2014d). At Superfund sites, coordination between the remedial and removal programs should

immediately crmmence as early as the receipt of preliminary sampling results indicative of a potential

human health concern (EPA, 2016c). Potential receptors should be informed of the results and potential

risks to human health. Standard Region 7 practice is to communicate this information via data

transmittal letters submitted to property owners and employers, but when TCE action levels are

exeeded, lenants, residents, employees and others who may be exposed should also be informed.
Although the action levels derived in this document are applicable to women in the first trimester of
pregnancy, note that the levels protective of autoimmune disease and kidney toxicity in all individuals

are not significantly different, it 2,1 and 8.8 pg/m3, for residents and workers, respectively. Depending

on the concentrations detected, immediate site actions could include relocation, restricting the time

residents or workers remain in areas excteding action levels, opening basement or lower level windows

for ventilation (using a fan), sealing cracks in the slab, sealing sump pits, sealing cinder block or stone

walls, and/or using air filtration systems. Vapor mitigation systems or adjustments to HVAC systems

may be used to minimize exposures on a more long+erm basis. Post-remedy testing and continued

operation and maintenance is necessary to ensure protection of human health until the $)uroe of TCE in

soil and/or groundwater is ultimately addressed.

Other EPA Regions and states have derived tiered action levels prescribing the types and urgency of
various responses, as described below.

. Although Region 7 consistently uses a THQ of I as the basis for both removal and remedial

Superfund aciions, other Regions have used a THQ of 3 as a science policy approach to prioritize
aciions that may warrant the use of removal authority, with ultimate cleanup goals based on a

THQ of l. Since non-canoer toxicity values have historically been based on effects resulting
from chronic exposure, this practice assumes that the most highly contaminated sites will be

remediated first, but all sites will be remediated before exposures have occuned for a sufficiently
long duration (e.g., 25 years as a worker or 26 years as a resident) to posc significant health risks.

10



a

This a.s.sumption is not protective of the short-term health effech associated with TCE, in which
the ctitical window of susceptibility is an approximate three week period and a single exposure
during this critical timc may result in cardiac malfonnations.
Tiered action levels could also be derived by reducing the unertainty factor applied to the RfC
from 10 to 1. The existing UFof 10 is applied for uncertainty regarding differences in
pharmacodynamics benvien animals and humans and between the general population and
sensitive subpopulation. Other than the toxicokinetic variability characterized by the
physiologically-based pharmacokinetic model, EPA (2011a) indicates that there are inadequate
chemical-specific data to quantify the degree of differential susceptibility due to factors such as
genetic polyrnorphisms, race/ethnicity, preexisting health status, lifestyle frctors, and nutritional
slatus. The UF of 10 was included in the extensive peer-review process described in this
doorment, and Region 7 does not have justification to alter this value.
Similarly, the selection of a lVo excess risk as the benchmark reslnnse and a human equivalent
conoentration for a toxicpkinetically sensitive individual at the 99th percentile were both
extensively reviewed, and Region 7 does not have justification to alter these criteria.

a

Although Region 7 has not developed tiered levels because this approach may not be protective of
human health, higher oncentrations of TCE are associated with grcater health risks. Actions should be
implemented as quickly as is practicable to minimize risks of developmental toxicity. This document
reinforces that Region 7 should expedite actions to protect human health whenever the TCE air
conoentration exceeds 2 pglms in a residential sctnario or 6 pglm3 for an 8-hour worker scenario.
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